The effect of lovastatin on cholesterol synthesis is well known. Although lovastatin has been produced from several Aspergillus species and cultivation systems, the yield of lovastatin from Aspergillus sclerotiorum (X-5X), suhu (25-37°C), kultur medium kepada nisbah isi padu kelalang (2.5-12.5) dan masa (7-35 hari 
INTRODUCTION
Most heart attacks and cardiovascular diseases are the result of hypercholesterolemia which is the accumulation of cholesterol in blood plasma and leads to atherosclerosis. To reduce levels of cholesterol (>200 mg/dL) in the blood, lovastatin (mevinolin and monacolin K) has been proposed as a potent hypercholesterolemic agent. Lovastatin is an inhibitor of 3-hydroxy-3-methylglutaryl-CoA reductase (HMG-CoA reductase), which is a rate-limiting enzyme in cholesterol biosynthesis (Lai et al. 2005) . It is a member of a family of drugs generally called statins which are in clinical use for reducing LDL levels and are more widely used than other cholesterol-lowering drugs. Lovastatin not only plays a role in the enhancement of endothelial function, but also has anti-inflammatory and antiatherothrombotic properties and also plays a key role as an immunomodulator (Mihos et al. 2014 ) and a cancer cell apoptosis agent (Zhao et al. 2016) .
Lovastatin is produced as a secondary metabolite of the polyketide pathway by various fungi such as Monascus spp., Beauveria bassiana, Aspergillus fumigates and Aspergillus terreus (Mukhtar et al. 2014) . Among the various lovastatin producing species, A. terreus is well known as the most productive (Marcin & Marta 2011; Samiee et al. 2003) and can be grown under submerged fermentation (SmF) or solid state fermentation (SSF) (Kamath et al. 2015; Mulder et al. 2015) . Grown under submerged cultivation in soluble starch and sodium glutamate as, respectively, the carbon and nitrogen sources, the lovastatin production from A. terreus LA414 was 523.9 mg/L after cultivation for 8 days at a temperature of 28°C (Jia et al. 2009) . A. terreus ATCC 20542, cultured in a lactose-based medium (LBM) at 28°C and shaken at 200 rpm, yielded 873 mg/L on day 10 (Lai et al. 2007 ), while A.terreus ATCC 20542, cultured in a mixture of glycerol and lactose under solid state fermentation at 30°C, yielded 122 mg/L on day 7 (Marcin et al. 2011) . Among cultivation systems, SmF was found to be the most appropriate for culturing fungi for lovastatin production in batch and fed-batch systems (Mulder et al. 2015) . However, it was noted that SmF relies on the use of shaking which results in a high cost culture system. There is, therefore, reason to investigate other culture systems which can produce high yields of lovastatin more economically. Normally, fungi are able to grow without a shaking system and often grow on plant matter. Static liquid culture has been successfully employed to cultivate various plants such as rhododendron (Douglas et al. 1984) , roses (Wong & Chu 1995) , garlic (Kim et al. 2003) and Doritaenopsis (Tsai & Chu 2008) , suggesting that applying SmF in a static liquid culture, as an alternative to a shaking system, may be of interest in culturing fungi to produce lovastatin. Moreover, the cultivation of fungi to produce lovastatin using a static liquid culture has not previously been investigated.
Studies seeking to develop and enhance lovastatin production have mainly focused on finding new strains of source fungi and the optimization of fermentation parameters such as temperature, humidity, time and aeration (Dikshit & Tallapragada 2015) . In the case of secondary metabolite production, the type of inoculum, either from fungi or hyphae, is also very important (Samiee et al. 2003) . The optimization of each parameter requires a number of experiments and is time consuming because each factor can only be optimized by keeping the other factors constant and the fact that the optimum constant levels may be unknown could produce inferior results because of the combined effect of all the factors. However, these limitations can be overcome by optimizing all the parameters of interest using response surface methodology (RSM) (Pansuriya & Singhal 2010) RSM is applied to experimental design to find the optimum conditions and reduce process variability. It can also reduce the time and number of experiments needed to determine reliable optimum levels. Moreover, the relative significance of each parameter can be evaluated by this method (Zhou et al. 2009 ). Suraiya et al. (2018) applied RSM method to optimize fermentation parameters on lovastatin production by Monascus purpureus using Saccharina japonica as solid fermented substrate. The experiments in which lovastatin was produced under optimal conditions yielding 13.98 mg/g dry fermented substrate corresponding to that of predicted combination of process parameters yielding 13.40 mg/g dry fermented substrate. Atlı et al. (2016) optimized the culture conditions to improve lovastatin production from Omphalotus olearius OBCC 2002 using RSM. A medium containing glucose (10 g/L), peptone (5 g/L), thiamine (1 mg/L), and NaCl (0.4 g/L) yielded 12.51 mg/L lovastatin under submerged fermentation. This yield was eight times higher than that produced using unoptimized media. Samiee et al. (2003) screened various filamentous fungi to study lovastatin production using the spore inoculum method. All the experiments were incubated in a complex medium in a rotary shaker incubator at 180 rpm at 28°C for 7 days. The fungi used in the study, with their yields, were as follows: Mouafi et al. (2016) reported that the optimal lovastatin production (3.353 mg/g of dried fermented matter) from A. fumigatus was achieved at a temperature of ~28°C and a pH5.0 with an incubation period of 12 days. Elsewhere, the optimal yield of lovastatin from Monascus ruber, incubated at 25°C, at pH5.0 under submerged fermentation with shaking at 150 rpm for 10 days, was 131 mg/L (Sripalakit et al. 2011) .
The optimum conditions for lovastatin production from the new strain, A. sclerotiorum PSU-RSPG 178, isolated from a soil sample, were still unexplored and the strain may be another source of lovastatin production. Phainuphong et al. (2016) indicated that the lovastatin produced from A. sclerotiorum RSPG 178 displayed much stronger noncytotoxic effects against noncancerous Vero cells activity, with an IC 50 value of 2.2 μM.
The main objective of this research was thus to optimize lovastatin production from A. sclerotiorum PSU-RSPG 178 using a central composite design employing RSM. We used a strain of A. sclerotiorum PSU-RSPG 178 cultured from mycelium and spore inoculum cultured under static liquid and shaking systems with potato dextrose broth (PDB) as the medium. To determine the best conditions of the fermentation parameters for optimization, we evaluated medium concentration (X-5X), temperature (25-37°C), medium to flask volume ratio (2.5-12.5 by volume) and time (7-35 days). The lovastatin yields were analyzed in both cell and broth extracts.
MATERIALS AND METHODS

MICROORGANISMS
The soil fungus strain, A. sclerotiorum was isolated from a soil sample collected from the Plant Genetic Conservation Project under the Royal Initiation of Her Royal Highness Princess Maha Chakri Sirindhorn at Ratchaprapa Dam in Suratthani Province, Thailand. The A. sclerotiorum PSU-RSPG178 was grown on potato dextrose agar (PDA) at 28 o C for 7 days to prepare the inoculum.
CULTIVATION SYSTEM
The A. sclerotiorum PSU-RSPG178 inoculum was prepared as follows: Mycelial plug: The mycelial plug inoculum was prepared according to Daengrot et al. (2015) . Five mycelial agar plugs (0.5 × 0.5 cm 2 ) were inoculated into 250 mL Erlenmeyer flasks containing 100 mL of PDB.
Spore suspension: The spore inoculum was prepared according to López et al. (2003) . The spores were collected by washing the petri dish culture with a sterile aqueous solution of 2% Tween 20 in 0.85% NaCl which was shaken for 30 min and diluted to a concentration of 2×10 8 spores/ mL. Spores were counted with a hemocytometer. An aliquot of 500 mL of the spore suspension was inoculated into 250 mL Erlenmeyer flasks containing 100 mL of PDB. All experiments were cultured in a 150 rpm shaking incubator at 28°C for 7, 14 and 28 days. The method which gave the highest yield of lovastatin concentration was employed to prepare an inoculum of A. sclerotiorum PSU-RSPG178 for the study of cultivation systems. Two cultivation systems were tested; one used shaking (150 rpm), whereas the other was a static liquid system. Both systems were conducted at 28°C for 7, 14 and 28 days.
RSM EXPERIMENTAL DESIGN
Development of the experiment to select the optimal fermentation parameters for lovastatin production employed a central composite design at five levels of RSM, created using the DESIGN EXPERT software 6.0.10 trial version (StatEase, Minneapolis, USA). The parameters included various concentrations of PDB, cultivation times, temperatures and ratios of medium to flask volume. The codes and actual factor levels at coded factor levels are shown in Table 1 .
Based on the factor levels shown in Table 1 , a set of 28 experiments was required with each variable being tested at five levels (a =2), as shown in Table 2 . The inoculum was prepared according to previous experiments in 500 mL Erlenmeyer flasks and performed in triplicate.
The relationship between the coded and actual values, the independent variables and the responses were calculated according to the second order quadratic model shown in (1). The relative effects of two variables on response were investigated from three dimensional plots. The statistical parameters were analyzed using analysis of variance (ANOVA) with a significance level of p < 0.05 (Dikshit & Tallapragada 2015) . ( 1) where Response is the response of the second order quadratic model (lovastatin yield); b i (i=0-14) are the regression coefficients; and X 1 , X 2, X 3, and X 4 are the coded independent factors.
EXTRACTION OF LOVASTATIN
The lovastatin was extracted from each sample according to Daengrot et al. (2015) and Phainuphong et al. (2016) . In each case, the culture was filtered to separate the liquid and wet mycelia. The liquid was extracted twice with ethyl acetate (EtOAc) (2 × 100 mL). The organic layer was evaporated over anhydrous Na 2 SO 4 under reduced pressure until a dark brown gum was observed. The mycelia cakes were extracted with methanol (500 mL) and the methanol layer was concentrated under reduced pressure. Then, distilled water (50 mL) was added to the methanol extract and the mixture was washed twice with hexane (2 × 100 mL). The hexane layer was evaporated over anhydrous Na 2 SO 4 under reduced pressure to obtain a crude extract in the form of a dark brown gum. The aqueous residue was extracted twice with an equal amount of EtOAc. The EtOAc layer was dried over anhydrous Na 2 SO 4 . The sample was transferred to a micro-centrifuge tube and dissolved in 1.0 mL of acetonitrile (RCL Labscan, HPLC grade). Standard solutions used for calibration purposes were prepared in the same way as described for the sample solutions, containing 10, 20, 40, 80, 160, 320 and 640 ppm. Quantitative HPLC analyses were performed on an Agilent 1200 series DAD HPLC system using an ACE ® Generix 5 C18 column (250 mm × 4.6 mm × 5 mm i.d.) with particles equilibrated at 25°C. Acetonitrile was used as mobile phase A, and mobile phase B was aqueous 0.1 % H 3 PO 4 (aq) (Fisher Scientific). The flow rate was 1 mL/ min, the injection volume 20 uL and peak detection was at 238 nm. Analysis started with 60% A and 40% B for 20 min (Ruchir & Rekha 2009 ).
RESULTS AND DISCUSSION OPTIMUM INOCULUM PREPARATION
The yields of lovastatin produced using a mycelial plug inoculum preparation cultivated at 28°C for 7, 14 and 21 days were 48.17±0.24, 155.71±0.42, and 36.18±0.57 mg/L, respectively. Spore suspension inoculum yielded less than 1mg/L of lovastatin in all the experiments. Thus, the optimum inoculum preparation system used for further study was the mycelial plug method.
CULTIVATION SYSTEM
After cultivation, a well grown mycelial film covered the surface of the cultivation medium in the static liquid system, while spherical pellets were present in the cultivation medium of the shaking system. It was noted that the cultivation system affects the morphological characteristics of the fungal hyphae/mycelia which is in accordance with the findings of Ibrahim et al. (2015) . The lovastatin concentrations produced in both systems are shown in Figure 1 as a function of cultivation time. The A. sclerotiorum cultured under shaking for 14 days yielded 155.71±0.42 mg/L lovastatin which was more than that produced in a cultivation time of either 7 days (48.17±0.24 mg/L) or 21 days (36.18±0.57 mg/L). The yield of lovastatin from the static liquid system after 14 days was 149.85±3.54 mg/L, which was higher than that produced after a cultivation time of either 21 days (145.01±9.43 mg/L) or 7 days (79.57±0.24mg/L). These results indicated that 14 days was the optimum cultivation time for both cultivation systems. There was no significant difference (p<0.05) between the lovastatin yield from the shaking system and the yield from the static system. The authors selected the static liquid culture system for further study since this system has the advantage of being easily monitored as well as more economical. In addition, by the 7 th day of incubation, the PDB in both cultures had become more viscous. This increased viscosity rendered the cultures static and at this stage the fungal cells increased the synthesis of lovastatin until the 14 th day of incubation. The amount of lovastatin obtained from static liquid culture for 21 days was similar to that obtained at 14 days. In contrast, the amount of lovastatin obtained from shaking culture was clearly lower at 21 days than after 14 days. Cultivation for more than 14 days increases the viscosity of the PDB beyond the point where the cells are able to use the medium and the depletion of nutrients due to the longer culture period resulted in a lower yield of lovastatin. In addition, viscosity greatly impedes the oxygen transfer necessary for lovastatin production, as demonstrated in studies of A. terreus in which lovastatin production under the static condition gave a higher yield than under the shaking condition (Lai et al. 2005) . The experimental results from the central composite design are shown in Table 2 . The quadratic polynomial explaining the relationship of the four variables contributing to the lovastatin yield (equation (1)), can be rewritten as equation (2) 
where X 1 , X 2, X 3, and X 4 are the PDB concentration (X PDB), the time (days), the medium to flask volume ratio and the temperature (°C), respectively. The result of an ANOVA on the quadratic model showed the model's F-value to be 14.86 (Table 3) . The model's P-value (Prob>F) is very low. This result indicates that the model is significant. Also the R 2 (determination coefficient) value for the lovastatin yield was 0.974 indicating that 97.40% of the total variation in the experimental data could be explained by this model. Moreover, the R 2 of 0.974 is in reasonable agreement with the adjusted R 2 of 0.878, which confirms the reliability of this model, since the higher the adjusted R 2 than 0.75, the stronger the indication that this model can be acceptable.
The regression coefficients of the model for the lovastatin yield are shown in Table 4 . The results showed that the highest coefficient value was that of the PDB concentration which had the greatest linear effect on the yield. However, the P value of this term was higher than 0.05 indicating the coefficient term to be not significant.
The significance of the regression coefficients of each term can be checked by reference to their P values, which, if less than 0.05 (p<0.05), indicate that coefficient term to be significant: The smaller the magnitude of P, the more significant the corresponding coefficient (Pansuriya & Singhal 2010) . A comparison of the P values obtained by each term of the regression in Table 4 shows that temperature (p<0.0000067) had the largest effect on lovastatin yield and was a significant linear term, while the interaction between temperature and temperature was a significant quadratic term (p<0.00001). The PDB concentration was also a significant linear term (p<0.021) and the interaction between the PDB concentration and the temperature was also significant (p<0.00855). Consequently, it can be concluded that temperature exerted a significant effect on lovastatin production. This may be due to the fact that increasing the temperature leads to poor heat dissipation and a reduction in the oxygen level, thereby inhibiting the growth of microorganisms (Mouafi et al. 2016) , which is in agreement with Negishi et al. (1986) and Munir et al. (2018) , who found that increasing the temperature to 35°C inhibited lovastatin production because the metabolic processes of denaturing enzymes and other proteins were retarded.
The maximum lovastatin yield was 686.72±66.71 mg/L with a PDB concentration of 3×, a cultivation period of 21 days, a medium to flask volume ratio of 7.5, and a temperature of 25°C (Table 2) . Juzlov et al. (1996) considered the optimal temperature of 25°C observed in this study to be the best incubation temperature for high lovastatin production. Moreover, most of the lovastatin yield was detected in cells extracted with EtOAc (CE) rather than in the broth extracts (BE). This result is not in accordance with the results of cultivation using submerged fermentation, in which most of the lovastatin was found in the broth extracts (Kamath et al. 2015; Mulder et al. 2015) . The separation of mycelial film from broth is also easier than that of spherical pellets from broth leading to easier extraction of the lovastatin. The static liquid system was thus viable for lovastatin production.
The RSM plots of the significant parameters for lovastatin production are shown in Figure 2 . The optimum values of the four parameters of PDB concentration, time, medium to flask volume ratio and temperature obtained from the maximum point of the model were calculated to be 5× PDB, 14 days, 2.5 and 25°C, respectively. The model predicted a maximum response of a yield of 1304.68 mg/L of lovastatin at this point. The calculated optimum parameters were validated by cultivation under those conditions, which yielded 360.83±8.47 mg/L lovastatin. This yield was very much lower than the maximum predicted by the model, which was most likely to have been the result of the cultivation time of 14 days. Under these conditions, 14 days may not be sufficient for secondary metabolism of the polyketide pathway to occur. This result was confirmed by analysis of the total sugar in the medium at the end of cultivation. Using the phenolsulfuric method in accordance with Dubois et al. (1956) , the analysis determined glucose contents of 201.21, 84.24 and 9.09 mg/mL at cultivation times of 0, 14 and 21 days, respectively. Following these results, a cultivation period of 21 days was selected for further testing. The outcome of cultivation for 21 days was an increased lovastatin yield of 1315.69±241.69 mg/L, which was very close to the response predicted by the model (1233.50 mg/L). Thus, the four optimum parameters were determined as 5× PDB concentration, 21 days cultivation time, 2.5 medium to flask volume ratio and 25°C. The use of RSM as an optimization technique has enabled the prediction of a maximum response in a number of previous studies, but in the field of cell cultivation, it is also necessary to consider the cell metabolism as well.
A comparison of the lovastatin production from different Aspergillus species grown on different media is quite difficult and it is not a simple matter to determine which species is the best producer. However, the lovastatin yield obtained from A. sclerotiorum PSU-RSPG 178 in this study is compared to the yields from other Aspergillus species cultured on different media in Table 5; and Table 5 can be used as a guideline when considering the production of lovastatin from different sources. Azeem et al. (2018) in this study successfully applied to culture A. sclerotiorum to produce lovastatin. The use of RSM could be promoted as an optimization technique and logically should contribute to reducing the number of experiments necessary.
